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ABSTRACY

The segmented gamma scanner (SGS) is uszed
in many racilities to assay low-density scrap
and waste generated in the facilities. The
procedures for usiag the SGS can cause a rega-
tive ovias if the sample does not satisfy the
assumptions made in the method. Some process
samples do not comply with the assumptiorns.
This paper discusses the effect of the presence
of lumps on the SGS assay cesults, describes a
method to detect the presence of lumps, and de-
scribes an approach to correct for the lumps.
QOther recent advances in SGS analysis are also
discussed.

I. INTRODUCTION

Sagmerted gamma scanning is a procedure
that was developed by Lus Alamos National Labo-
ratory in the early 1970s.1 The procedure wac
developed to assay the special nuclear materia.
(SNM) contained in low-density scrap and waste,
such as paper wipess, glovas, and plartic con-
tainers, by mnasuring the gamma em.ssion rate.
The instrument based on this procedure., the seg-
mented gamma scanner (5GS), is wideiy used in
the US DOE complex and in lndustry, and it s
manufactured by commercial vendors. Receat
developments have led to modificationd in rhe
hardware dcﬂqnz aand in ihe analysls proce
dures., This paper will summarize the advances
in 5GS analysis procadures.

Quantitative gamma ray assays nominally re
quire that the sample be homogeneous; howeverp,
most scrap and waste are highly hetecogeneous.
The trvaditional SGS procedures correct fot minot

hetarogeneity in a low . density matrix, but as
sume the SNM is non self absorbing. Howaver,
most of the scrap and waste found in the faclli
ty do not satisfy the nonabsorbhivg assumption:
with these samples, an assay with the 5645 s
usuaily blased. The primaty putpose of this
papar is to digcuss the bias causad hy the sam

ples contalning lunps of SNM.

II. ASSAY PRINCIPLES

In the SGS procedure, three methods have
traditionally been employed co reduce the ef-
fects of heterogeneity.! To improve the verti-
cal homogeneity, the sample is assayed segment
by seqment., To improve the horizontal homogene-
ity, the sample is rotated during the assay >f
each segment. A transmission measurement is
made on each segment to correct for the sample
attenuation.

The segmentation along the verticali axis
of the sample provides two benefits. It is an
effective way of dealing with vertical nonuni-
formity in the assay samples, and it allows the
use of a single assay geometry for all sample
heights.

Rotating the sample is a way to reduce the

adverse effect of radial inhomogensities while
naintainiag the highest possible count rate.
Achleving a high count rate requires the detec

*tor to be positioned as closely as possible *>
the sample, whereas a large ratio of sample
diameter to detector distance introduces sub-
stantial count rate dependence upon radial n
homogenvyities in the sample.

for each segment, ' e overall transmission

is measured and then used to calculate an atten

uation correction. The fundamental assumptions
here are that the mixture of SNM and marcaix i%
teasonsbly uniforn. and tha- the particles of SNM
are small enough that self-attenuation i1thin
the individual gamma . ray emitring particlas can

he ignored. In summary., thig assumption tated
rhart the sample attenuation is characterized hy
a tingle linear attenuatjon coefficient,

III. SOURCES Or BIAS

Two sourves of bias have been ident 110
fn the 5GS procedure desciibed above  the and
affact and the lump afrect, Both will resnlt

in & negatively blased .\uu.\y.‘



The end effect arises because only part of
the gamma-ray beam from the transmission source
is 1ntercepted by the sample material as the top
or bottom of the sample material moves across
the collimator. A schematic representation of
the end effect is shown in Fig. l. An errone-
ously high transmission leads to an attecruation
correction factor that is too small. Conse-
quently, the corrected count from such a seqg-
ment is low, which causes a negative bias in
the assay results. It is possible to minimize
the end effect by requiring that the sample
depth Pe at least 6 times, but preferabiy more
than 10 times, the cegment thicxness. However,
in some operating facilities it is not practical
to require that all the waste cans be filled to
at least a specified height.

The lump effect describes the situation
when the samples coantain SNM in the form of
lumps rather than being finely distributed. For
oxample, if the material emitting the gamma rays
consists of lumps of uranium metal embedded ia
4 low-density matrix, the transmission measure-
ment would tend to reflect the attenuation of
the low-density matrix since it would dominate
the area of the sample seen by the transmission
source. However, the SNM gamma rays wouid be
attenuated mainly in the lumps of uranium metal
from which they arise, The attenuation correc-
tion factor would then be low, yielding an assay
value belcw the actual value.

IV. RECENT ADVANCES IN SGS AMNALYSIS

A. Method of Detection and Correctiom of
Lumps

One of the possible methods to datect the
presence of lumps is to assay the sample at mul-
tiple energies. If we assay the sgample with
several gamma-ray peaks of Aifferant energles,
the assay at the lower energy will be more sup-
pressed by the presence of lumps than will rhe
assay at higher energy. This occurs hecause
the self-ubsorption is greater for lower-ene-gy
Jamma rays. This is explained graphically in
Fig. 2 for the case of plutonium-bearing waste.
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Fig. 1. This figqure illustrates the cause of
the and effect, The measured transmission ot
the and segment ix Lsxually too high,
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Fig. 2. This fiqure shows the conventional SGS
assay of a plutonium sample containing lumpsc of
SNM,

[t iz possible to assay the waste by means of
several lovurmnorqy peaks and the 414-keV
gamma-ray peak of 3%9y; the arsays with the
lower -energy peaks will be suppressed compara-
tively more than the assay with the 4l4-kcV
peak. The correctinn for lumps at the 4l4-keV
energy is what is : +ded; what can be mesazured
is rhe fracticna' differeaces betwean the peaks
at 129 and 414 keV, hHetween 203 and 414 keV, and
between 145 and al4 keV. Each of these three
fractional diffecencns can be used to edtimate a
correction to the Al4-keV result,

The affect c¢ the lumps is also shown in
Table I which the traditional SGS assay of
samples (from the molton «alt extraction {MSE)
separation process i:u shown. These salts nomi .
nally corntain chunks of plutonium. Hotice that
for the standard, rhe 1ssay results from the
VArious energies are in agreement, Howeve
for rthe salt samples, the asxay results in gen
aral increase with qamma ray enerqy, indicating
the prasence of lumps

To arrive at a lump cocrrection, we assume

that the lumps are In the foim ot spheres. The
actual lumps may deviaie from sphetical vhape
but if the lumps are randomly oriented in the

sample, the sphecical assumption may bhe quite
appropriave,

The fraction of unsca’tara:d and anabxorbad
gJamma  rayr escaping from a sphere can he nsx
preassed I)y‘



TABLE 1

TRADITIONAL SGS ASSAY OF MSE SALTS

Assay of 239y based on the following gasma peak

Sample 129 keV 203 keV 345 keV 414 kaV
ASH-1(standard) 19.48 = 0.27 19.90 = 0.42 19.72 £ 0.23 19.64 = 0.09
RFMSE3 14.85 = 0.24 43.50 =z 0.41 47.%1 = 0.26 48.19 = 0.13
RFMSES 54.96 = 1,2 82.04 = 0.93 109.19 £ 0.43 112.26 = 0.24
ARFB876700 150.9 = 4.4 187.05 = 2.6 i98.7 = 0.56 197.25 = 0.1311
XBLP-267 76.7 = 0.7 104.5 =£ 1.0 116.3 = 0.5 116.7 = 0.2
XBLP-120 78.5 = 0.9 90.8 = 0.9 91.9 = 0.5 91.0 = 0.2
XBLP-270 60.6 = 0.8 81.6 = 0.8 89.9 =z 0.4 89.8 = 1.2
XBLP-300 108.1 = 0.83 147.6 = 0.9 163.98 = 0.42 163.94 = 0.21
XoLP-3Ul 92.6 = 0.9 134.86 = 1.2 179.76 £ 0.57 186.0 = 0.3

where X = upD,

density of sphere,

(o3 + B &
L]

and

= diameter of sphere.

= mass attenuation coefficient,

Using this expression, it is possible to calcu-
late the fraction of gamma rays escaping from

the sphere at different energies.

rection factor is defined as 1/F.
expression is nomnlinear with

the lumps spanm a range of sizes,

tactor deduced from this

and the corresponding lump

The lump cor-
Siace this

vespect to X, if

expression
slightly in error. The fractional

are shown in Table II and in Fig. 3.

To determine the lump correction,
system has to be calibrated to
are rnown to contain no lumps.

cor.ection

the correction
may be
differences
factors

the SGS
standards that

With these cali-

o0 414-123
(qzemd) Fract. Dife,

n
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bration constants, the traditional SGS assay is
performed at different energies. Thic assumes
that the traditional corrections for matrix
attenuation, branching ratios, and couat rute
effects have already been made. Based on the
ratio of the results between a lower-energy as-
say and the 4l4-keV assay, a lump correction
can be applied to the 4l4-keV assay. If the re-
sults agree within the measurement error. there
will be no lump correction.

B. Extrapoiation of Transmission

In the traditional SGS, for the 239y as.
say., the transmission is measurod at the 400-keV
peak of ?5Se and assumed to be the same at the
414-keV peak of 239y,

For 755e, thers are otner strong gamma
rays at 279 keV and 13)6 keV: the transmissions

TABLE II

LUMP CORRECTION AT 414 keV

.41301
L6176
1131
L1682
.BU L
L8272
. 8446
8576
RN
LHB 6
L4959
L9019
L0B%
L9100

414-20) wl4-34% 414 Lump
Fract, DIff. Fract. Diff, Correction
0.)%584 0.C0211 1.0518
0.2789 0.0408 1.105)
7.1671 0.0%89 1.1%02
0.4165 0.0759 1.2165
0. 4909 0.091% 1.2744
15189 0,1059 1.1115
0. 68A 0,119 L.y
9.5968 0.1119 1.4%58
0.6191 0.1542 1.h824
1.n692 DR RN 11159
1.h909 0.189) 1.A512
a.1012 0,203 1.9918
D719 .215%5% 2.1158
. 1204 D.2256 2,281
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Fig. 3. The lump correction factor as a function of

fractional diffarences

between the

peaks at 129 and

414 keV, 203 ard <14 keV, and 345 and 414 kaev,.

of these gamma rays can be measured simultare-
ously with the 400-keV peak. With transmissicns
at three energies, it is possible to use a
siraiqht-line extrapolation., or to use a quad-
ratic it to calculate the transmigsion at 414
keV, In addition. to apply cthe lump correction
for the plutonium assay, it is also necessary
to calculate the traansmistion at 129 keV,
203 keV, and 345 keV.

The following is & comparison ot the two
methods of extrapolation and interpoliation. A
1-cm cell of plutonium in a 3-M nitric acid so-
lution of varying concentrations is assumed for
the sampie. Because the compositlion of the sam-
ple is known, 1t is possible to calculate the
- rangsmission for the 1}68-keV, 279-keV, and
400 .keV peaks of 75se. It is also possible to
calrulate “he transmission at the four plutonium
pea~ energies; 129, 203, 145, and 414 kev. A
utraight-line fit is performed in the Un{-%n(T))
vs (nf space between 116 keV and 179 keV, and
from this line the transmissions at 129 keV and
203 keV  can be alculated. Similarly, a
struight-line fit iz alsn perfo:med between 279
keV and 4u0 keV, and rtha rransmissions at  3149%
kaV and 414 keV are alsa calculatad, The com
parison Letwean the covrect trapsmission values
for the plutonium ens:;gies and the {nterpolated
valiuea is summarized 1n Flg. 4. 1t can bhe noted
that foc low concantrations (<50 /%), both the
straigat line it and the quadiaric it do quite
weil: at higher concentrations 'he quadratic fit
ir bhetter tu caleulating the tranamissions.
Note that the axtrapolation to 414 keV is accu

rate to 30.3N for both methods. either methcd
will provide a better determ iation of the
transmigsion at 414 eV han doas the tradi-
tional SGS method.

C.. Attenuation Correction Factor

In the traditional SGS procedures, the at-
tenuation correction factor is hased on the
apnroximate formula

-K¥n(T)
1 - TK

CF(T)

where K is a constant = 0.823.%% This correc-
tion factor is accurate to within SN over a
“ide range of rransmissions. While this correc
tion factor is adequate when optimum accurecy
is nut required, it is possible to improve the
accuracy by fitting a function of the form?

CEUT) « A+ Blog(T) + C [log({T))?
In a typlcal SGS geomertry, A, B, and ¢ ~an YHe
determinad to Jive < F(T) within .38 for 0. on

3T 3 0.0,

V. COMPARISON WNITH DESTRUCTIVE ANALYSIS

Table 1 <hows rasultas for a teadirviona:
5GS  assay of molten salts generated from the
pyrnchemical process., By assuming the lumps

are uniform plutonium spheres, we have et el
rhe maethod for the lump correction desctibed
abova.,  This assumesn that the assays at tilfa

ant gamma Ay energies are independent  and 1 hat
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TABLE III
ADVANCED SGE ASSAY OF MSE SALT

(Lump-cotrectsd assays at 414 kaV., Tabulated valuss are in ¢ 23%9Pu. The uncertainties
are lo ralues sstimated from counting statistica.)

Lump
414-keV Result 414-keV Result 414-keV Result Correction to
Corrected by Corrected by Corrected by 414-ke" Result Destructive
Sample 129-keV Result 203 -keV Result 145-keV Result (v) . _Analysis
ASH -1 19.79 £ 0.42 19.64 ¢ 0.44 19.60 £ 0.24 0 19,72
(standard)
XBLP 267 124.5% ¢ 0.} 122.% = 0.9% 1189 £ 0.3 Y 118
XBLP -120 9.7 £ 0.2 92.1 = 0.8 91.0 ¢« 0.1 1 10%
XBLP -270 95.0 = 0.5 2.4 r 0,2 930.6 £ 0.« ) N
XBLP 300 L7Y.s ¢ 2.6 iTh.2 v 0.6 166.0 ¢ 0.2 4 14



che traditional corrections for matrix attenua-
tion, branching ratios, and count rate effects
have already been rniade. 1€ the ratio of the
results obtained ar differeat energies is 1,
there will be no correction. The Lump correc-
tions based on the 129/414, 203/414 and 345/414
ratios have been applied to the uncorrected
assay results shown in Table I. The corrected
results are shown in Table III. We found good
agreement betwesn the three independent lump-
corrected assay results. The lump correction
for these samples ranges from 1 to 5%. Destruc-
tive analysis of the samples is also shown ia
Table III. For the sample. XBLP-267 and
XBLP-270, the agreement is excelleat: for
samples XBLP-120 and 300, the lump-corrected
SGS assay results re 10N low. Additional
destructive analyses on other sampleg are in
progress.
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